Abstract. Wood fibres have long been known as a fibre reinforcement for concrete. Due to its availability and low production cost, this natural fibre has been used in less developed country where conventional construction materials were very expensive. In Japan, the production of these types of composites such as high performance fibre-reinforced cement-based composite (HPFRCB), ultra high performance (UHPFRCB) and strain-hardening (SHCC) fibre-reinforced cement-based composite has been developed rapidly in last decades. Geopolymer, future composite and cement produced by the alkali-activation reaction is well known as a potential replacement to Ordinary Portland Cement. This study aims at studying the possibility to produce wood fibre-reinforced geopolymer composite (WFRGC). The various percentage of fibre have been made from 10% to 50% and cured at 60ᵒC, tested for compressive strength for 7 th and 14 th day and the microstructure examined using SEM. The density and water absorption test have been performed. The results showed are encouraging and indicate the feasibility of producing a wood fibre-reinforced geopolymer composite (WFRGC).
Introduction
Geopolymer is a new binder produced by the activation of the aluminosilicate material with the alkaline solution [1] . Fly ash is the common material for producing geopolymer. The reaction involve the leaching of the SiO 4 and AlO 4 due to the high alkaline from sodium or potassium hydroxide and sodium silicate. The tetrahedral SiO 4 and AlO 4 by the removal of water linked together to form new precursor of polymer. This result to the new material of amorphous geopolymer [1] .
The mixture can be cured at room temperature or elevated temperature. Research has been made and stated that 60ᵒC is the most suitable temperature for geopolymer [2] . The heterogenous of variable chemical composition of fly ash can effect the final geopolymer product. Low calcium fly ash is preferrable than high calcium fly ash because of the risk of fast setting [3] . Fibre reinforcement in cementitious product is widely researched because of the basic engineering properties of crack resistance, ductility and energy absorption [4] . The inclusion of fibre considerably improves structural characteristics such as flexural strength, tensile strength and flexural toughness [5] . But wood fibre composites occupy a special place in the development of this composite due to the availability of wood fibres. Moreover, this natural fibre has economical advantages than another synthetic fibre. Therefore, for this research, geopolymer and wood fibre were combined together to study the effect of several mixes of wood fibre to the properties of geopolymer and the feasibility to produce wood fibre-reinforced geopolymer composite (WFRGC). The result is very important for the understanding and future improvement for this composite.
EXPERIMENTAL PROCEDURE

Raw Meterials
The fly ash used in this research was obtained from Manjung power station, Lumut, Perak. The test for X-Ray Flourescence (XRF) of its chemical composition is shown in Table 1 . According to ASTM C618 [6] , this fly ash was categorized in type C. Fly ash consist of a spherical particles at 0.5 to 100 µm diameter [7] and 2.33 of the specific gravity.
The alkaline activator used in this research was sodium silicate (Na 2 SiO 3 ) and sodium hydroxide (NaOH). The Na 2 SiO 3 composition was 30.1% of SiO 2 , 9.4% Na 2 O, and 60.5% of H 2 O with a SiO 2 /Na 2 O modulus was 3.2, specific gravity at 20ᵒC = 1.4mg/cc, and viscosity at 20ᵒC = 400cP. NaOH pellets were diluted to obtain 12M concentration. Both of alkaline activator, NaOH and Na 2 SiO 3 were used and mixed together to ignite the pozzolanic activity in the sample.
Wood fibre
Wood fibre was collected from the wood factory in Perlis and was sieved to the average 2.36 mm, and the specific gravity of the wood waste was 1.4989. From Table 1 , the data from XRF was prepared. As seen in the Figure1(a), fly ash consists of spherical shape of different sizes, where some particles may contain other particles of smaller sizes in their interior. The surface of fly ash includes the existance of some quartz particles or some vitreous unshaped fragments [8] .
The SEM micrographs of Figure 1 (b) revealed the fibrous nature of the wood waste. The network capillaries in wood, is responsible for the hydrophilic nature of wood. This could limit the water available for hydration due to migration of water into the wood particles. It is believed that wood fibre contain covalent hydroxy groups from residual lignin or both the cellulose component and the oxidation of end groups [9] . As physical properties of wood fibre have significant effect on adhessive criteria and the interface matrix with the geopolymer mixture, the characterization of wood fibre is mandatory to evaluate the behaviour of fibre to being incorporated as composite.
Mix design and Mixing process
The ratio of Na 2 SiO 3 /NaOH used in this research was fixed to 2.5 [10] . But for the fly ash/ alkali activator ratio, the amount of alkali activator was increased due to the effect of workability. The mix proportions from 10% to 50% of wood waste with fly ash as shown in Table 2 were mixed until homogeneous for 5 minutes and moulded into the 50mm x 50mm x 50mm dimension mould. The samples were cured at 60ᵒC and left for 24 hours.
The liquid amounts for 10% to 50% of wood fibre were increased. Combinations of the wood fibre with fly ash were made and the workability is decreased due to the increasing of wood fibre.
Mechanical Test
The compressive test of the samples was investigated using mecahnical testing with Automatic Max (Instron, 5569 USA) following to the BS 1881-116: 1983. The samples were compressed with 50kN and with speed rate of 5mm/min. The other tests include density, and water absorption of the samples.
Microstructural analysis
Scanning electron microscopic (SEM) was conducted using SEM JSM-6460 LA Jeol Japan in School of Materials Engineering, University Malaysia Perlis (UniMAP) to observe the microstructure of the sample.
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RESULTS AND DISCUSSION
Bulk density and water absorption Figure 2 , the value of density decrease due to the increment of fibre content percentage. The highest density is at 10% of fibre content which is 1720 kg/m 3 and the lowest is 1300 kg/m 3 for 50% of fibre content. This result showed the reduction of density at an increasing level of the inclusion of wood fibre. Water absorption value from this research, observed that the incorporation of 10 % of wood fibre recorded to be the lowest. Whereas, the highest value was observed from the 50 % of wood fibre in the mixture.
As the specific gravity of wood fibre is recorded to be 1.4989 g/cm 3 , the replenishment of the fibre to the mixture supposed to lower the density value of paste. From this result, the replenishment of wood fibre showed the lightweight properties of the mixture composite. The bulk density reduction effect is attributed to a lower specific gravity of wood fibre. The specific gravity and the density of the wood fibre contributed the reduction of the density of the composites material. The physical properties of wood fibre, fibrous, and a lot of embedded network capillary found in the fibre are the main reason behind the increasing magnitudes of water absorption. Irregular in shape and highly porous surface contributed towards the incremental of water absorption percentages. . For 20 %, the decreasing of strength value has been observed at both ages compared to 10 % of wood fibre. The inclusion of this fibre into the geopolymer matrix showed the trend that from 10 % to 50 %, it reduces the compressive strength of the geopolymer paste from 7 th day until 14 th day.
The trend observed from this compressive strength result is most probably due to mechanism of the wood fibre that acts as a filler within the geopolymer matrix. The reduction of the value of mechanical strength is assumed to the increased surface of the filler material to be bonded with the matrix and the decreasing surface area of geopolymer itself which cause the decline of strength. The SEM performance from Figure 6 , for this wood fibre lightweight paste clarified the connection between wood fibre and the geopolymer matrix. SEM investigated that the boundary between geopolymer matrix and fibre phase have excellent adhession. It was known that, a strong chemical bond promotes fibre rupture: the fracture energy is declined while the tensile strength of the composite increses hences the material becomes strong but brittle [12] .
The observed micrographs of the fibres, the geopolymer matrix and the geopolymer-fibre interface are very important to conduct the optimum composition of wood fibre and to study the mechanical performance of this composite.
Conclusion and summary
1. The increasing amount of the wood fibre content into the geopolymer paste has increased the water demands to achieve a given level of mix workability. 2. From SEM analysis, significant amounts of efflorescence are found in the composite upon hydration of geopolymerization. 3. The incorporation of wood fibre into the mixture at an increasing level may result in a gradual reduction in bulk density of the hardened geopolymer composite. 4. Increasing wood fibre material in the geopolymer matrix generally results in increasing magnitudes of water absorption in composite. 5. The inclusion of wood fibre in the formulation of geopolymer reduces the compressive strength. However, for 10 % wood fibre content, the mixture can produce composite with acceptable strength properties. 6. The encouraging result of density, water absorption and mechanical strength of this composite show the feasibility of producing the wood fibre reinforced -geopolymer composite (WFRGC) material. 
